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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a thin Him capable 
of being easily treated In the air at a low t9mperature 
and excellent in characterisUes by reiluxing complex 
alkoxide solution by adding decarboxylaled water and 
heat treating a thin gel film from the water-ba^ed 
precursor solution. 

SOLUTION: Thie production process of a lithium niobate 
thin film from a water- based precursor solution, in the 
case where titanium Is not sofid solublllzed. comprises 
mixing LiOEt(llthium ethoxlde) with equlmolar 



Nb(OEt)5(nlobium ethoxlde) In absolute alcohol, 
reriuxlng the mixture to obtain 
UNb(EkO)6(ilthium-niobium complex alkoxide) solution, 
completely hydrolyzing the complex alkoxide by adding 
7.5 times mole of HjOCdecarboxylated water), removing 
ethanol from the ethanol solution containing 
UNb(OH)e<lithJum-nloblum hydroxide) precipitation 
produced by continuous refluxing at about 80"C. 
dissolving the precipitate rn decarboxylated water, 
concQntrating the solution end obtaining a precursor 
solution, and In the case whore titanium Is solid 
solublllzed, a portion of niobium ethoxlde ie replaced 
by Ti(Oei)4 and the obtained aqueous solution Is coaled 
on a base plate to obtain a gel film, which Is heated at 
200-600X. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
daunages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] although the lithium niobate (LiNbOS) is known as a single crystal as outstanding high- 
performance material which had optical properties with it, such as electrical properties, such as a ferroelectricity, 
piezoelectric, and pyroelectricity, an electro-optics-effect, an acousto optic effect, and a nonlinear optical effect, 
establishment of the creation method of LiNbOS thin film that application is expected as an electron and an optical 
element may become useful technology in electronics, optoelectronics, chemisfry, and the ceramic industry related 
industry 
[0002] 

[Description of the Prior Art] By applying to a substrate the precursor in which the ethanol solution of the compound 
alkoxide of lithium ethoxide and niobium ethoxide using the sol-gel method carried out partial hydrolysis, and heat- 
treating it, it is precise and the method of manufacturing a crystalline high lithium-niobate thin fihn by low-temperature 
baking is indicated by JP,63-238282,A. 
[0003] 

[Problem(s) to be Solved by the Invention] Since combustion removal of the ethoxy basis which puts on process in which 
apply to a substrate the precursor which carried out partial hydrolysis, and it is heat-treated, and is not understood an 
added water part must be carried out in order to hydrolyze the ethanol solution of a compound alkoxide partially in the 
method indicated by JP,63-238282,A, heat-treatment temperature needs 350 degrees C or more for creating the thin fihn 
which does not contain a carbon residue completely. Moreover, since the ethanol solution of a compound alkoxide is 
understood an added water part by few moisture in the atmosphere and produces precipitate with it, in order to maintain 
the homogeneity of a solution, you have to perform the handling and preservation of a precursor solution after partial 
hydrolysis to the bottom of a nitrogen air current. 
[0004] 

[Means for Solving the Problem] In this invention, decarboxylation water is added to the compound alkoxide solution 
which replaced and prepared a part of compound alkoxide solution which prepared the lithium ethoxide and niobium 
ethoxide of an equimolecular amount by flowing back in dehydrated ethanol, or niobium ethoxide by titanium ethoxide, 
and it understands an added water part completely. An ethanol solvent is removed fi-om the ethanol solution which flows 
back after that and includes the produced lithium niobium hydroxide precipitation, the obtained precipitate is dissolved in 
decarboxylation water, and a precursor solution is prepared. By applying a precursor solution on a substrate, creating a gel 
thin fihn, and heat-treating at 200 more degrees C - 600 degrees C, a lithium-niobate thin fihn or the lithium-niobate thin 
film of titanium dissolution is created. 
[0005] 

[Function] If a compound alkoxide solution is understood an added water part completely, the lithiiun niobium hydroxide 
precipitation produced as a result of hydrolysis will become insoluble in an ethanol solution. The solution containing such 
insoluble matter cannot be used as a precursor solution. Therefore, in the Prior art, it had limited to partial hydrolysis like 
the publication to JP,63-238282,A. If it limits to partial hydrolysis, an ethanol solution can be used as a precursor 
solution. However, even if it will use the solution as it understands an added water part completely, and it tends to 
precipitate and is not understood an added water part completely if it is treated in the atmosphere, carbon tends to remain 
in the thin film after low temperature treatment. 

[0006] however, the thing for which this precipitate is fiisibility and can be used for thin fihn creation as solution to water 

when it investigates about insoluble precipitate to ethanol - **** - it took out And it has not been said that this solution 

is stable also in the atmosphere, and carbon remains in an after [ low temperature treatment ] thin film. 

[0007] Thus, it is easy to process in the atmosphere and the thin fihn which was excellent in the property with low 

temperature treatment is created. 

[0008] 



[Example] The flow chart of thin fibn composition is shown in drawing 1 . When not making titanium dissolve, it flows 
back by mixing Nb(OEt) 5 (niobium ethoxide) with LiOEt (lithium ethoxide) of an equimolecular amount in EtOH 
(dehydrated ethanol), and LiNb (0Et)6 (lithium niobium compound alkoxide solution) is prepared, and H20 
(decarboxylation water) is understood an added water part 7.5 times as many mol equivalence as this, in addition 
completely to the mol of a compound alkoxide. An ethanol solvent is removed by heating of about 80 degrees C about the 
ethanol solution which flows back after that and includes the LiNb(0H)6 (Uthium niobium hydroxide) produced 
precipitation, the obtained precipitate is dissolved in decarboxylation water, it condenses to predetermined concentration, 
and a precursor solution is prepared. Moreover, in making Ti (titanium) dissolve, it replaces a part of niobium ethoxide 
(for example, five-mol %) by Ti (0Et)4 (titanium ethoxide). Thus, next, the obtained solution is applied by coating on 
silicon on sapphire, it dries, a gel thin film is formed, it heat-treats further, and a stacking-tendency thin film is created. 
Composition of the created gel thin fihn analyzed by the ICP AEM method, and the mole ratio of a lithium and niobium 
checked that it was 1:1. 

[0009] 1 H FT-NMR measurement result of a precursor solution is shown in drawing 2 . A horizontal axis shows the 
chemical shift value (ppm) at the time of setting an internal standard to 0 ppm. Although the signal by remains of an 
ethoxy basis was not seen at all in the result of the precursor solution after performing completely hydrolysis shown on 
drawing 2 , as shown under drawing 2 , when not hydrolyzing at all, the signal by the ethoxy basis was looked at by 1.170 
ppm, 1.187 ppm, 1.206 pm, 3.632 ppm, 3.651 ppm and 3.668 pm, and 3.686 ppm. When [ which precipitate does not 
produce ] grade partial hydrolysis is carried out, it is surmised that it is close to the result when not hydrolyzing at all. 
[0010] The precursor solution with which solution concentration differs in drawing 3 is prepared, and the relation of the 
thickness and the concentration of a precursor solution of the lithium-niobate thin film which carried out 500-degree C 
heat-treatment, and created the gel thin film which applied on silicon on sapphire and was obtained is shown. A horizontal 
axis shows the concentration (mol/dm3) of a precursor solution, and the thickness (nm) of the thin fibn by which the 
vertical axis was created is shown. A straight-line relation is obtained and precursor solution concentration and the 
thickness of a thin film can create a thin film with desired thickness by adjusting concentration. 
[001 1] Drawing 4 is as a resuU of [ of LiNb03 thin film heat-treated and obtained ] XRD measurement, after creating a 
gel thin film on a sapphire C substrate. The degree of drawing moderate temperature shows the temperature at the time of 
heating, and the inside of a parenthesis shows the dilation ratio of a XRD view. The minimum crystal-phase peak at 250 
degrees C began to be observed, and the orientation to a very strong (006) field was seen above 350 degrees C. 
[0012] drawing 5 ~ titanium ~ five-mol% - by the case where it is made to dissolve, the minimum crystal-phase peak at 
300 degrees C was observed, and the orientation to a very strong (006) field was seen above 350 degrees C 
[0013] The strong orientation film for which it depended on each field direction by 350-degree C heat-treatment also in A 
other than a sapphire C substrate and R was obtained ( drawing 6 ). 

[0014] The SEM photograph of the fi-ont face (left) of the thin fibn heat-treated and obtained at 350 degrees C on 
Sapphire C and A and R substrate to drawing 7 and a cross section (right) is shown. A thin film is precise and is a smooth 
fibn with which a defect is not seen. 

[0015] The component-analysis result of the depth direction by ESCA analysis of LiNb03 thin film of the Ti5mol% 
dissolution created by 350-degree C heat-treatment on the sapphire C substrate to drawing 8 is shown. A vertical axis 
shows the relative rate of a mol abundance ratio of each element, and a horizontal axis shows the time (minute : second) 
which ********** ^j^jj^ fi]^ ^j^g direction of a substrate by argon ion sputtering. The time of the line which 
shows the rate of a mol abundance ratio of the niobium which is the thin film component which exists in the reduction 
direction seen in the middle of the sputtering time 5:3 (5 minutes and 3 seconds) and 6:3 (6 minutes and 3 seconds), and 
the line which shows the rate of a mol abundance ratio of the aluminum which is the composition element of the sapphire 
which exists in the increase direction crossing expresses the interface of a thin film and a substrate. It turns out that the 
rate of a mol abundance ratio of the niobium which is a thin film component, oxygen, and titanium exists in homogeneity 
to near an interface, and the created thin fibn has it. [ homogeneous ] Waveguide light by measurement and the laser 
beam of the refi-active index of a thin film was observed as evaluation of the optical property in a creation thin film. The 
thin film heat-treated and created at 350 degrees C on the sapphire C substrate showed tiie refiractive index 2.295 near a 
single crystal (a refi-active index is 2.286). 

[0016] The observation method of waveguide light and observation result by the laser beam were shown in drawing 9 . 
The prism of a rutile was stuck on the LiNb03 thin fibn waveguide heat-treated and created at 350 degrees C on the 
sapphire C substrate, fi-om the direction which makes the angle of 10 degrees perpendicularly to the slant face of prism, 
incidence of the hehum-Ne (helium neon) laser beam was carried out, and waveguide hght in the inside of a thin film was 
observed. Although the observation result fi-om A was shown in Photograph A, about 1cm waveguide light can be seen. 
On the other hand, the observation result fi-om B is understood that waveguide light is carrying out localization to the thin 
fibn portion as shown in Photograph B. Thus, it understood that a thin fibn portion can be made to spread a laser beam in 
a creation thin film waveguide. 

[0017] The thmg [ pH ] which 0.1 -N acetic acid neutralizes although it is alkalme 1 1 is possible for this precursor 



sohition, and when a thin fihn is created using the neutralization precursor solution, an orientation film is obtained at the 
heat-treatment temperature of 500 degrees C. 

[0018] The creation method of the 3 -dimensional optical waveguide by combining with the thin film creation technology 
from these drainage system precursor solution and the patterning technology which used photo lithography at drawing 10 
is shown. The photo mask to which the photoresist was applied on the substrate which deposited aluminum (aluminum) 
on the whole surface first, and the pattem was given is put, and it exposes by UV (ultraviolet rays) (process 1). After 
development, the photoresist of the portion exposed by ultraviolet rays falls out, and a pattem is formed on a vacuum- 
plating-of-aluminium film (process 2). The vacuum-plating-of-aluminium film of the portion from which the photoresist 
escaped with the acid is **********ed, and a pattem is formed on a substrate (process 3). The substrate in which the 
pattem which carried out the mask by the vacuum-plating-of-aluminium film was formed is created by removing a resist 
(process 4). The above-mentioned neutraUzation precursor solution is applied on the substrate in which the pattem created 
at the process 4 was formed, and a LiNb(OH) 6 gel film is created (process 5). Here, since the reason using a 
neutralization precursor solution performed the mask by aluminum, it is for dissolving aluminum with a strong, alkaline 
precursor solution. A LiNb03 crystal film is created by heat-treating the gel film created at the process 5 in 500 degrees C 
(process 6). It can leave only the portion to which etching removal of the aluminum is carried out with an acid, and the 
mask of the aluminum is not carried out. What was created at this process is called ridge type LiNb03 waveguide 
(process 7). The LiNb03 crystal film which fiirthermore applied the precursor solution and was created is covered with a 
LiNb(OH) 6 gel film (process 8). LiNb03 3-dimensional waveguide embedded into amorphous LiNb03 thin film can be 
created by heat-treating the gel thin film created at the process 8 at 300 degrees C (process 9). 
[0019] Moreover, the gel film of titanium dissolution is formed by using the neutralization precursor solution which 
replaced a part of niobium by titanium in the process 5 (process 5'), the LiNb03 crystal film of titanium dissolution can 
be created by heat-treating in 500 degrees C (process 6'), and ridge type LiNb03 waveguide of titanium dissolution can 
be created by performing etching by the acid (process 7'). The LiNb03 crystal fihn of the titanium dissolution created by 
process T using the precursor solution is covered with a LiNb(OH) 6 gel fihn (process 8'). LiNb03 waveguide of the 3- 
dimensional titanium dissolution embedded into the LiNb03 crystal film can be created by heat-treating the gel thin film 
created by process 8' at 350 degrees C (process 9'). 

[0020] The method to the aforementioned process 7 is used for drawing 1 1 , and the SEM photograph of 3-dimensional 
LiNb03 ridge type optical waveguide created on the glass substrate at the time of using the photo mask to which 2 
patterns with a width of face of 6 micrometers were given is shown. 3-dimensional LiNb03 optical waveguide has 
created on the substrate as the pattem given to the photo mask by this. 
[0021] 

[Effect of the Invention] Unlike the case where the coating solution of 1 . ethanol system is used in the thin film 
composition method using the drainage system precursor solution, the handling in the atmosphere can be performed. 

2. The creation thin film is homogeneous and does not have a composition gap. 

3. Since an ethoxy basis is completely made into solution after hydrolysis removal, there are very few remains of the 
carbon compound in a creation thin film. 

4. Since the creation gel film is water-soluble, creation and removal are easy for it. 

5. A homogeneous and smooth crystalline thin film without defects, such as a strong crack which carried out priority 
orientation, a strong pore, etc., is obtained in the low temperature of 350 degrees C. 

6. The refractive index of a creation thin film can also carry out the optical propagation by near and the laser beam to the 
value of a single crystal. 

7. If it combines with PATANGU technology, creation of a 3-dimensional optical waveguide is also easy. 



[Translation done.] 



